Biodegradable lubricants are of particular interest from the point of view of environmental protection. Generally, base oils for biodegradable lubricants may be: polyglycols, synthetic ester oils and vegetable oils. The vegetable oils used in this study are: sunflower oil, soybean oil and coconut oil. The rheological study was based on graphical representation of shear velocity based on shear stress using experimental data. The rheological models found in the literature are: Bingham, Casson, Ostwald-de Waele and Herschel-Bulkley. The article proposes three other rheological models of shear speed dependence on shear speed.
INTROdUCTION
The rheological properties of oils depend on several factors including temperature, shear rate, concentration, density, pressure, application time, chemical properties, additives and catalysts, molecular weight, degree of unsaturation of fatty acids, melting point [1] [2] [3] . Most research has focused on studying the effects of temperature, shear rate, concentration and pressure. The most important factor affecting viscosity is temperature. The viscosity of oils and fats decreases with 4, 5 . Wan Nik, Ani, Masjuki and Eng Giap 6 evaluated the effects of shear rate and temperature on the rheological properties of sunflower, corn, canola, coconut and superolein vegetable oils. The effects of shear temperature and velocity were studied by comparing some parameters obtained through four rheological models. It has been found that the viscosity decreases with the increase in temperature at all the studied oils, the influence of the temperature on the change in viscosity being stronger than the effect of the shear rate. It has been established that sunflower oil has the best stability of viscosity with temperature variation. Heating and maintaining oils at high temperatures is a process that causes a series of chemical reactions that occur in the oil, generating a multitude of chemical compounds 7 . Satyanarayana and Muraleedharan 8 studied viscosity variation with temperature rise for palm kernel oil and rubber oil seed oil. In the case of oil from the rubber tree seeds, a more pronounced decrease of the viscosity with the temperature was observed than with the oil obtained from the palm kernels. In the paper 9 , Campanela determined the viscosity variation with temperature and shear shear variation with the shear rate for sunflower oil, soybean oil, and high oleic sunflower oil. From the analysis of the obtained data it results that between the three oils there are very small differences in the viscosity evolutions with the temperature and the shearing stress with the shearing speed. A study 10 on temperature viscosity variation for soybeans, sunflower, olives, peanuts, canola and corn has highlighted that soybean oil has the slightest variation in viscosity with temperature, followed by the corn, canola oil, hazelnut oil, sunflower oil, while olive oil has the largest variation. A comparative study of viscosity variation with temperature and shear rate for rapeseed oils obtained at various stages of manufacture was carried out in the papers 11 . Different differences in viscosity variations with temperature and shear velocity were noted. Yilmaz 12 analyzed the rheological behavior of sunflower oil, soybean oil, peanut oil and a vegetable oil of vegetable origin. At 20°C, peanut oil has the highest viscosity, followed largely by worn oil and sunflower oil, the lowest viscosity is obtained with soybean oil. With the increase in temperature, the difference between the viscosity of the peanut oil and the viscosity of the other oils is getting smaller and the differences in the viscosities of the four vegetable oils are insignificant at 120 o C.
In the literature, there are four shear stress shear patterns. These are [13] [14] :
Casson:
(2)
Ostwald-de Waele:
and Herschel-Bulkley:
Where t is the shear stress, t o -yield stress, h -viscosity, g-shear rate, n -flow index and k -index of consistency.
The present paper comprises three shear stress shear stress equations for three types of oils in the temperature range 313-373K.
MATERIAL ANd METHOdS
The rheological behaviour of oils (sunflower, soybean and coconut) was determined using a Haake VT 550 Viscotester developing shear rates ranging between 3 and 120 s -1 and measuring viscosities from 104 to 106 mPa.s when the HV1 viscosity sensor is used. The temperature ranged between 313 and 373K. The accuracy of the temperature was 0.1 o C.
RESULTS ANd dISCUSSION
Figures 1, 2, 3, 4, 5, 6 and 7 show the shear in the temperature range 313-373K. The graphs show a linear shear stress shear rate at all the temperatures at which the three types of biodegradable oils were studied: oil soybean oil, sunflower oil and coconut oil. This paper presents three shear stress shear stress ratios other than those found in the literature, applied to the experimental data for the three lubricating oils. Equation (5) shows the linear shear stress shear rate for the studied oils. Equation (6) shows the polynomial dependence of the shear stress on shear velocity and equation (7) shows the exponential dependence of the two sizes.
Tables 1, 2, 3, 4, 5 and 6 show the correlation coefficients for the three equations, parameters a, b, c and t0 for sunflower, soybean and coconut oils in the temperature range 313-373K. Parameter a of equation (5) Parameter c in equation (6) has varable values in the temperature range in which the oils were studied.
The parameter t 0 in equation (7) 
CONCLUSION
The vegetable oils used in this study are: oil sunflower, soybean oil and coconut oil. The rheological study was based on graphical representation of shear velocity based on shear stress using experimental data. The rheological models found in the literature are: Bingham, Casson, Ostwald-de Waele and Herschel-Bulkley. The article proposes three other rheological models of shear speed dependence on shear speed. The three oils have a non-Newtonian behavior within the timeframe in which they were studied.
